Welding of aluminum alloys by traditional welding methods creates some defects such as hot cracks, porosity, and void that led to decreasing of mechanical properties. Friction Stir Welding (FSW) gives good mechanical properties of aluminum alloy welds. In this paper, FSW worked in 4 mm thick plate of 6061-T4 aluminum alloy, with two welding parameters are used (tool rotational speed and feed rate) was investigated, were analyzed the microstructure and mechanical properties by carried out microstructural, microhardness, and tensile strength tests. From results are found defect-free of welds at a wide range of parameters. Stir zone shows a fine-equiaxed grain and high hardness, not significantly change between heat affected zone and base metal in size grain. Tensile strength of welds was lower than base metal and fracture location was occurred at a low hardness region for the welds.
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INTRODUCTION
Aluminum alloy 6061 was belongs 6XXX series AlMg-Si alloys which are used in many of industries that need high strength, light weight, good formability, corrosion resistance, and hardening properties. In addition, for reducing the cost compared to 2XXX and 7XXX series [1, 2] .
Aluminum alloy are joined by traditional fusion welding method to use as structural part, but get different welding defects such as avoid, hot cracks, porosity, and distortion would be constriction the welding zone, defects * Corresponding author: E-mail : mustafa.shakir994@gmail.com are corresponding to melting and solidification. In addition, problems of fusion welding are loss of work hardening effect, dislocation and precipitation can be happening near that weld zone [2] [3] [4] .
Therefore, need welding method is recommended to minimize this defects. Friction Stir Welding (FSW) fabricated by TWI in 1991, Cambridge, UK. It is encouraging method because it gives a high weld quality of different of Al alloy, also can be extinguish some of defect as a result of fusion welding such as cracking and porosity [5] . The principle of FSW is a rotating tool plunges into the two edges of plate to be welded, the heat generated from the Tikrit Journal of Engineering Sciences (2018) 25 (4) 51 -56 friction between shoulder and pin of tool and welds plate as shown in Fig. 1 which leads to soften the welds materials at a temperature low the melting point [5, 6] .
Feed rate V Fig. 1 . schematic of FSW process and shape of welds specimens [5] .
Liu et al. [3] studied the effect of tool dimension and friction stir welding parameters on mechanical properties and microstructure for 6061-T651 Al alloy. As a result, they found that free defect at a large range of tool dimension and welding parameters, also they found not different of grain size and shape from base metal (BM) to the heat affected zone (HAZ) in a significantly. Rodrigus et al. [5] studies the effect of welding parameters and tool shape on mechanical properties and microstructure of FSW for AA 6061 thin plate. The result was concluded that change in tool shape and parameter led to significant changes in materials flow at welding as well as changes in the microstructure of the weld zone. Shalin and Hiten [6] performed experimental analysis on influence of welding parameters and tool pin geometry on mechanical strength of FSW for AA6061, found that increasing the tool rotational speed, the ultimate tensile strength increases as more heat generated because high friction, also found that tool geometry is the large significant than welding parameters which influence of tensile properties of FSW. Kumbhar and Bhanumurthy [7] studies friction stir welding of aluminum 6061 alloy, General result was found the microstructure of BM in large than the nugget zone (NZ), since the NZ has grain size of a round 10 µm and mechanical properties influence by thermal cycle as a result of frictional heat. Mohamadi et al. [8] performed lap FSW between dissimilar AZ31B and AA 6061 sheet, was used different welding parameters including tool shape, rotational speed and transverse speed. That found the increasing the tool rotational speed has increases in tensile properties and tool shape not significant in mechanical properties.
From sufficient literature survey parameters like rotational speed (rpm) with a wide range (low and high value) and feed rate (mm/min) with a near range were choose for the provide study and responses like microstructure, vicker's hardness, and tensile strength of friction stir welding for AA 6061 was investigated.
MATERIALS AND METHOD
Materials
6061-T4 aluminum alloy is used in the provide study, 4 mm in thickness, and by spectral analysis (in laboratories and inspection engineering department / Baghdad / Iraq), the chemical composition shown in the Table 1 . The plates were cut to the dimensions of (300×100×4 mm). A low carbon steel tool was used in this study having tapered cylinder pin shape, with shoulder diameter 20 mm, 6mm root pin diameter, 4mm head pin diameter, and 3.9 mm length of pin as shown in Fig. 2.   Fig. 2 . Tool geometry used in the provide study.
The welding parameters were used in this paper and selected to obtain a near range of feed rate and a wide range of rotational speed (low and high value) depending on the values installed on using machine, as listed in Table 2 .
The tool tilt angle (3 degree) was used for all samples welded, where the optimum value of the tilt angle of tool will be (2-4 degree) [9] . 
Method
Microstructure observation, micro-hardness, and tensile test were applied to the samples welding. Microstructure of all zones of welds was observed by optical microscopy. Welds cutting in a perpendicular direction to the welding center line. After polishing process, the sample etching by a solution where listed in Table 3 . These were then used for optical microscopy. The vicker's micro hardness test was carried out on the cross-section perpendicular to the welding center line, using a hardness device (THV-501E) by a load 500 g for 5 seconds dwell time. Tensile test was carried out according to the ASTM B 557M [10] Fig. 3 . Tensile tests were completed on a (Universal testing machine), at room temperature in the research laboratory air utilizing a consistent step speed of 1 mm/min. The property information for each welding was acquired by averaging two test samples Fig. 3 . Specimens tensile test was used (all dimension in mm).
RESULTS AND DISCUSSIONS
Microstructure
The friction stir welding process map of AA6061-T4 in different parameters as can be shown in Fig. 4 . From figure it can be seen the defect-free welds could be got at a wide range, but defect is shown at (45 mm/min) with (690 rpm) tool rotational speed due to low heat input on weld region at this conditions. On other hand, basically best mechanical properties can be got by subjecting these to product welds without defect. 6 shows the optical microscopy microstructural of SZ, TMAZ, HAZ, and BM of sample welds at (690 rpm and 20 mm/min), the microstructural of both HAZ and BM were characterized by elongated grains because the manufacturing process (rolling process: is a metal forming which reduce the thickness and thickness uniform, this process led to gives a new structure and mechanical properties), and occur coarsening in HAZ as a result of thermal history that was subjected by frictional heat during friction stir welding process see Fig. 6 TMAZ as be seen in Fig. 6 (c) this region experience by plastic deformation, but non occurred recrystallization because inadequate deformation strain and heat input. While the SZ as shown in Fig. 6(b) , it was appeared fineequiaxed grain structure, demonstrating the happening of dynamic recrystallization because too hard plastic defamation and heat input in this zone. Fig. 7(a)-(c) shows the vicker's microhardness distribution maps of FSW AA6061-T4 welds at the crosssection and perpendicular welding center line for different welding parameters 690, 1130, and 2000 rpm respectively, important observations can be made: I. For the same welding parameters, the low hardness at HAZ where location outward center line weld due to subjected to the thermal history led to coarsening and dislocation of second phase particle and precipitates. II. The high hardness at SZ for different welding parameters comparing with other zones, this inclination suggests that high hardness at this region is not function of grain structure but a function of particle size and distribution of precipitates of second phase particle. Since the grain structure is lower influenced on hardness in SZ compared to other factors. III. For the same tool rotational speed with increasing of feed rate from 20 to 45 mm/min, the distance of HAZ decreased due to low heat input and decreased of SZ. the hardness of SZ was increased due to increasing of dynamic recrystallization as a result of tool rotational was increased. V. TMAZ hardness in translation region between SZ and HAZ, and the BM hardness (58 2 HV) was not affected with change of welding parameters.
Microhardness
Tensile properties
The tensile strength of BM and FSW (6061-T4) aluminum ally welds at different rotational speeds and feed rates can be seen in Table 4 . From result three important findings: I. For all the welds indicated almost elongation value regardless of FSW parameters Fig. 7 , and elongation value of less than of elongation of BM, because of fracture location of tensile specimen happen in HAZ region when considered weakest hardness zone. II. Fig. 8 for the same tool rotational speed with increasing the feed rate from 20 to 45 mm/min, the tensile strength reduced due to increasing the hardness value. III. Fig. 9 for the same feed rate at 20 mm/min with increasing the tool rotational speed from 690 to 2000 rpm, the tensile strength increased, the cause that as the tool rotational speed increase friction between the base metal plate and tool was used, result of this high heat input and the plastic deformation of base metal proper bonding between two edge which to be welds. IV. The fracture behavior of all tensile specimens of welds happened at the HAZ region because the weakest region of the weld. Previous study was suggested that the fracture occur due to lower hardness value at this region [3, [11] [12] [13] .
In this study, all tensile specimens were fractured at HAZ and translate region between HAZ and TMAZ. This prove that fracture location occur at the low hardness region, also at this region structure low bonding. From above as possible controlled of tensile properties by control of the selection of welding parameters and the low hardness value of HAZ region.
CONCLUSIONS
In this study, the effect of welding parameters of FSW AA6061 welds on the mechanical properties and microstructures was investigated.
The important conclusions are write:
i. Defect-free FSW 6061-T4 Al alloy welds were process under a various range of welding parameters. ii. The fine-equiaxed grain of stir zone, and not significantly change from BM and HAZ at shape and size grain, but different in structural structure. iii. The tensile properties of FSW AA6061-T4 welds increased with increasing the tool rotational speed and decrease of feed rate, and the location of friction occurred at HAZ and translate region between HAZ and TMAZ at low hardness value of this region. iv. The hardness distribution maps were shown low hardness value at HAZ region because subjected to thermal history, and high hardness value in the SZ due to fine grain of this zone, size and distribution of precipitates particle as a result of dynamic recrystallization of was subjected.
